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Effects of transgenic Bacillus thunngiensis corn 
on European corn borer natural enemies 
and non-target Lepidopteran pests 
Abstract: Field corn, genetically engineered to produce a protein derived from Bacillus thuringiensis, was 
evaluated for its effects on larvae of black cutworm, stalk borer, armyworm, and corn earworm. No Btcorn 
effects were observed on larval survival, pupal weight, or days to adult emergence for black cutworm or 
stalk borer. Armyworms reared on Bt leaf extract were lighter-weight, delayed in development, and showed 
diminished survival rates. Corn earworm showed reduced survival and delays in development. In field 
tests of Bt and non-Bt corn, there were no differences between the two varieties in damage from black 
cutworm. Stalk borer caused less leaf damage to Bt corn. Armyworm and corn earworm did less harm to 
Bt corn leaves than to non-Bt corn leaves, but corn earworm survived to cause some damage to Bt corn 
ears. 
Background percent after ingesting some varieties of Bt 
European corn borer is the most damaging corn. But how does Bt corn affect other corn 
pest of corn in Iowa. The larvae feed on leaves predators and the "good" insects that prey on 
and tunnel into the stalk, ear shanks, and ear. the corn borer? 
Depending on the stage at which the plant is 
attacked, the larvae can reduce yields by 6 This research project used laboratory and field 
percent. Since 1991, yield losses caused by tests to evaluate the effects of transgenic Bt 
European corn borer in Iowa have run as high corn on secondary caterpillar pests and benefi­
as 32 bushels per acre. cial insects. The objectives were to: 
Historically, control has focused on importing 1) determine susceptibility of black cutworm, 
natural enemies, insecticide applications, or stalk borer, armyworm, and corn earworm 
the use of corn hybrids expressing moderate to transgenic Bt corn in the laboratory, 
levels of resistance to corn borers. Naturally 2) compare the field efficacy of transgenic Bt 
occurring predators, parasitoids, and patho- corn with that of non-Bt corn on these 
gens cause significant mortality in European pests, 
corn borer. These relatively abundant preda- 3) determine effects of transgenic Bt corn 
tors that feed on the corn borer eggs and larvae pollen on the development and survival of 
are the spotted lady beetle, insidious flower spotted lady beetles, insidious flower bugs, 
bug, and common green lacewing. and common green lacewing, and 
4) compare the seasonal occurrence and field 
But only with the advent of genetically engi- abundance of insect predators on transgenic 
neered corn has there been a truly potent Bt corn and non-Bt corn plants. 
weapon against the corn borer. Transgenic 
Bacillus thuringiensis (Bt) corn, first mar­
keted in 1996, contains a gene that produces Approach and methods 
a protein that is toxic to some insects, acting for secondary pest research 
against the insect midgut. After the European (Field and laboratory evaluations of trans genie 
corn borer eats transgenic Bt corn, the insect Bt corn on secondary lepidopteran pests) In 
stops feeding and dies quickly. In field re- laboratory studies, corn borer larvae were fed 
search, corn borer mortality ran as high as 100 leaf or silk tissue from Bt and non-Bt corn. 
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Survival, pupal weights, and developmental 
times were recorded. One study used freeze-
dried leaf tissue and incorporated it into the 
larvae diet. A solution of Bt protein extract 
was prepared and spread on the surface of the 
rearing tray cell. Larvae survival was ana­
lyzed and compared. 
Field studies were done at the ISU Insectary. 
Bt and non-Bt corn were hand-planted in four-
row plots. The two middle rows were used for 
experimentation and the two outer rows acted 
as buffer rows. Plants were infested with the 
four pests and evaluated for damage. 
Black cutworm larvae were placed on plants 
and each leaf was checked for damage. Plants 
were evaluated twice following the infestation 
and given a damage rating. Corn was infested 
with stalk borer (only in 1994) and plots were 
evaluated biweekly to monitor injury. Army­
worm infestations were placed on corn and the 
leaf injury assessed by counting the number of 
feeding scars. Ear silks of corn plants were 
infested with corn earworm. Two weeks later, 
damage to ears was recorded and live larvae 
were counted. 
For each caterpillar species, damage ratings on 
each of 20 corn plants within each plot were 
evaluated in the field studies. Data for each 
year were analyzed separately because differ­
ent Bt hybrids were used. Leaf tissue from 
both years was collected and analyzed to in­
sure that adequate amounts of Bt were present. 
Results 
For black cutworm, survival was the only 
statistically significant variable observed in 
1994 lab studies. More larvae (18 percent) 
reared on Bt corn leaf tissue survived com­
pared with those raised on non-Bt tissue. In 
1995, the pupal weights of larvae on Bt protein 
leaf extract averaged 0.04 g heavier than lar­
vae on the non-Bt diet. There were no major Bt 
effects on black cutworm, either in the lab or 
the field, and the pest was not affected by the 
Bt protein even in high leaf concentrations. 
For stalk borer larvae there were no differ­
ences in developmental responses (time to 
develop, survival, or pupal weight) in either 
treatment. Survival rates on Bt leaf tissue 
varied from year to year, but were not statisti­
cally significant. Field studies showed slightly 
different results when Bt corn exhibited less 
leaf damage. 
Armyworm showed few developmental dif­
ferences between the two kinds of leaf tissue in 
1994, but trends in three studies that year 
pointed to reduced survival of larvae reared on 
Bt leaf tissue. These results were again ob­
served in 1995, in addition to significant de­
lays in development and lighter pupal weights 
that occurred in larvae exposed to a Bt-treated 
diet. Even though there was no larval estab­
lishment in the field studies because of weather-
related problems, initial feeding by lab-reared 
armyworms placed on corn plants resulted in 
less damage to Bt corn. Less larval feeding 
occurred because the larvae either moved off 
Bt corn or were killed. 
Corn earworm is significantly affected by 
transgenic Bt corn. Trends in 1994 lab studies 
indicated detrimental effects of Bt corn on 
corn earworm; survival rates of larvae reared 
on Bt corn silks were reduced by 20 percent 
and none of the larvae fed Bt leaf tissue sur­
vived. But in 1995 there were no differences 
in earworm pupal weight or survival. Field 
studies showed similar findings and that a high 
dosage of the Bt protein was required to affect 
corn earworm to the same extent as corn borer. 
More larvae survived on Bt corn ears in the 
field than on non-Bt corn. But on leaf whorls, 
corn earworm larvae reacted differently; there 
were fewer feeding scars and much lower 
survival rates. Differences in the number of 
larvae between the two parts of the plant (leaf 
and ear) probably relate to the levels of Bt 
protein expression in these different tissues. 
Responses of European corn borer to Bt pro­
tein extract were conducted at the same time as 
the other pest studies in 1995. Survival rates on 
Bt corn were low: 2.5 on one test and 7.5 on 
another, compared with 87.5 and 95 percent 
survival on non-Bt corn. 
Leopold Center Progress Reports 35 
Conclusions 
Transgenic Bt corn hybrids currently available 
(with the Bt 176 gene) will impact army worms 
and corn earworm, but the level of control is 
minimal compared to that shown with corn 
borer. Control of other secondary lepidopter­
ans such as black cutworm and stalk borer, will 
not be achieved with Bt corn as it is currently 
designed. Bt corn may suppress army worms in 
the field, but large larvae have not been field 
tested against Bt corn and there is reason to 
believe that control is not likely to occur. 
Kernel damage for corn earworm may be 
slightly reduced in the field, but damage and 
yield loss will still occur, particularly on late-
planted corn. 
Implications 
The planting of Bt corn will not change man­
agement practices for black cutworm, stalk 
borer, armyworm, and corn earworm. These 
insects will need to be scouted and managed 
based on current integrated pest management 
recommendations. Larger field studies are 
needed to assess the effects on migrating army­
worms. 
Approach and methods 
for insect predators research 
(Development of immature stages, survival 
and field abundance of insect predators on 
transgenic corn) 
European corn borer Pollen: Pollen was collected from field-grown 
is the most damaging transgenic Bt corn and non-Bt corn plants of 
pest of corn in Iowa. 
the same hybrid variety. Pollen was tested at 
the beginning of the experiment to determine 
protein concentrations and levels found were 
capable of causing 60 to 70 percent mortality 
in corn borer. 
Lady beetle larvae, after hatching, were placed 
in one of three diet groups: Bt pollen, non-Bt 
pollen, and a control diet to ensure that labo­
ratory conditions were right for larval devel­
opment. After initial development (first in­
star), larvae received a pollen-aphid mixture 
at three succeeding stages. (The mixture was 
necessary because lady beetles reared solely 
on pollen had a survival rate of only 48 
percent.) 
Insidious flower bug nymphs received one of 
three treatments: Bt pollen, non-Bt pollen, or 
European corn borer eggs. The nymphs were 
checked daily for mortality. 
Common green lacewing larvae were reared 
on either Bt or non-Bt pollen and later 
cereallella eggs were added to the mix since 
low survival was observed for individuals 
reared solely on either pollen treatment. All 
three species were monitored daily for devel­
opment and survival. 
Criteria: For each species, developmental data 
was analyzed by separately examining indi­
viduals that successfully completed develop­
ment from those individuals that died. This 
allowed evaluation of developmental delays 
and stage-specific mortality that may have 
been caused by Bt protein in the pollen. 
Quantifying the time before death and the life 
stage when death occurred is important when 
evaluating effects of Bt toxins. Higher mor­
tality occurred during early stages of develop­
ment was used to indicate higher sensitivity to 
Bt toxins. 
Field study: In 1994 and 1995, Bt and non-Bt 
corn were planted near Ames. All life stages 
of the predatory species and the European 
corn borer egg masses were counted on corn 
plants three time each year: before tasseling, 
before pollen shed, and after pollen shed. 
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Results and discussion 
Predator Survey: There were no significant 
differences seen in the number of predators 
colonizing either non-Bt or Bt corn in 1994. 
The 1995 study found more predators on the 
transgenic Bt corn than on non-Bt corn, even 
though 50 percent fewer predators were found 
compared with 1994. 
No adverse effects (either mortality or delayed 
development) were observed in spotted lady 
beetles fed Bt pollen. Survival, development 
time, and adult weight were not impacted. 
There are no indicators of detrimental effects 
caused by transgenic Bt pollen on the insidious 
flower bug. Survival rates were similar for 
individuals reared on either type of pollen and 
corn borer eggs. 
The larval development of the common green 
lacewing was also unaffected by the Bt pollen. 
Conclusions 
Conservation of natural enemies associated 
with crop pests such as corn borer is one of the 
most important tactics employed in modern 
integrated pest management programs. By 
studying the compatibility between transgenic 
plants and natural enemies under laboratory 
and field conditions, research can illuminate 
these interactions and encourage better pest 
management tactics. 
Generalist predators in corn commonly use 
pollen as a food source and the plant as a 
substrate for egg-laying. This suggests that Bt 
corn could influence pests other than the corn 
borer. But this study showed that transgenic 
B t corn pollen does not have acute toxic effects 
on three prominent predators found in corn 
and that these predators will use Bt corn as a 
food source and a substrate for eggs. 
Implications 
Initial findings strongly suggest that Bt corn, 
and specifically Bt corn pollen, does not have 
a negative effect on three major beneficial 
insects in Iowa corn. Even though Bt will 
greatly diminish the corn borer population, 
these "good" predators will not be hampered 
by the Bt corn and can search for and prey on 
other insect species in the corn field. 
Large-scale field studies are needed to deter­
mine if Bt corn has an indirect effect on preda­
tors. When Bt corn eliminates one food source 
(corn borer egg larvae), will this cause preda­
tor populations to decline or will they remain 
stable and prey on other hosts (aphids and corn 
earworms) and reduce those populations? 
Education and outreach 
Research results from the project were re­
ported at the 1994 Integrated Crop Manage­
ment conference held in Ames and detailed in 
the conference proceedings. 
For more information 
contact Marlin Rice, 
Entomology, Iowa State 
University, Ames, Iowa 
50011; (515) 294-1101; 
e-mail 
me rice @ iastate. edu. 
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